Objective: The study tests the hypothesis that a low daily fat intake may induce a negative fat balance and impair catch-up growth in stunted children between 3 and 9 y of age. Design: Randomized case-control study. Setting: Three rural villages of the West Kiang District, The Gambia. Subjects: Three groups of 30 stunted but not wasted children (height for age z-score 72.0, weight for height zscore ! 7 2.0) 3±9 y of age were selected by anthropometric survey. Groups were matched for age, sex, village, degree of stunting and season. Intervention: Two groups were randomly assigned to be supplemented ®ve days a week for one year with either a high fat (n 29) or a high carbohydrate biscuit (n 30) each containing approximately 1600 kJ. The third group was a non supplemented control group (n 29). Growth, nutritional status, dietary intake, resting energy expenditure and morbidity were compared. Results: Neither the high fat nor the high carbohydrate supplement had an effect on weight or height gain. The high fat supplement did slightly increase adipose tissue mass. There was no effect of supplementation on resting energy expenditure or morbidity. In addition, the annual growth rate was not associated with a morbidity score. Conclusions: Results show that neither a high fat nor a high carbohydrate supplement given during 12 months to stunted Gambian children induced catch-up growth. The authors suggest that an adverse effect of the environment on catch-up growth persists despite the nutritional interventions. Sponsorship: Nestle Â Foundation for the Study of the Problems of Nutrition in the World, Lausanne, Switzerland. Descriptors: stunting; dietary fats; dietary carbohydrates; nutritional supplementation; catch-up growth; energy intake; resting energy expenditure; morbidity
Introduction
In 1983 the prevalence of stunting in children under ®ve years of age in developing countries was estimated using national prevalence values at approximately 40%, yielding a total of 125 million children (Keller, 1988) . Ten years later, in a recent WHO report on child growth, the prevalence was estimated at 43% and a total of 230 million children were identi®ed as being stunted (de Onis et al, 1993) . These ®gures illustrate the magnitude of the problem of stunting and serve as a reminder of how little is known about its causes in nutritional, metabolic and biochemical terms.
Despite access to medical care, young children in Keneba (West Kiang District, Gambia) have repeated infectious episodes with growth faltering followed by inadequate catch-up growth (Rowland et al, 1977) . Children gradually become stunted during the ®rst two years of life and tend to remain stunted through childhood into adult life. There is however evidence that stunting can be reversed during infancy and even during late childhood through adoption and to a lesser degree with nutritional supplementation (Martorell et al, 1994) . This suggests that catch-up growth is impaired by conditions found in the environment in which the children became stunted. It is well established that seasonality in the availability of food is a major environmental stress faced by growing children. Rural Gambians experience a hungry season during which there are shortages in energy availability re¯ected by the loss in body weight of adults (Minghelli et al, 1991) . Despite the fact that catch-up in height is a slow process and that the extra intake required is small (calculations suggest that an increase of 5±10% in intake of both energy and protein should, in most cases, cover the need for catchup growth) (Waterlow, 1992) , the extra energy requirements may not be met throughout the year. On the other hand, diets are relatively uniform with protein±energy ratios that are generally acceptable after three years of age . Much less attention has been paid to the fuel type (fat vs carbohydrate) needed for optimal growth. There is evidence suggesting that low dietary fat content has an effect on growth but it is not clear whether this is due to the low energy density of the low fat diet with resulting reduced energy intake (Fleischer & Jorgensen, 1995) or whether children on a low fat diet fall short of a speci®c fat requirement for growth. There are a number of arguments supporting the concept of an inadequate fat supply in children:
(1) Gain in body weight associated with growth includes an increase in both lean body mass and fat mass. (2) The fatty acid composition of the triacylglycerol molecules in subcutaneous adipose tissue is related to that of the diet (Beynen et al, 1980) . (3) Recent studies suggest that de novo fat synthesis from glucose is a minor metabolic pathway in human adults.
Even after a large oral load of carbohydrate (CHO) given to young adults, the rate of fat synthesis only brie¯y surpasses the rate of fat oxidation. There is no evidence of a net gain of fat from CHO, except during massive CHO overfeeding (Acheson et al, 1988; Leitch & Jones, 1993; Aarsland et al, 1997) . Thus, in normal conditions, lipids deposited in adipose tissue are mainly of dietary origin. (4) The energy expended synthesising new tissue components arises in part from fat oxidation (Gudinchet et al, 1982) . (5) There is an oxidation of fat related to physical activity (Bielinski et al, 1985) particularly in exercise of long duration and moderate intensity as is encountered in young children. (6) Children having frequent episodes of infection are likely to exhibit changes in the pattern of substrate oxidation. Indeed, during infection, there is a decrease in glucose oxidation and an increase in fat oxidation due to insulin resistance (Goldstein & Elwyn, 1989) . This imposes an additional oxidation of fat, which can only be covered by mobilisation of endogeneous fat. The combination of fat oxidation due to physical activity and a very low fat intake could create dif®culty in achieving fat balance. This metabolic state may impair catch-up growth in stunted children and could be improved by increasing fat intake. Diets in developing countries such as rural Gambia usually have a low fat content (Paul & Mu Èller, 1980) and could be close to or below a theoretical minimal fat requirement in which case, dietary fat intake per se rather than energy could have a profound effect on nutritional status and growth.
The objective of the study was to test the relevance of low fat intake to persistent growth faltering by comparing the effects of isocaloric high fat and high CHO nutritional supplementation in stunted children of three rural Gambian villages.
Methods
The study was carried out in the Dunn Nutrition Group's study villages of Keneba, Manduar and Kanton Kunda in the West Kiang District, The Gambia (West Africa). The population and environmental conditions of these villages have already been described in detail (Prentice et al, 1987) . The study covered a period of 15 months (3 months to complete the baseline measurements and 12 months of supplementation). Figure 1 summarises the study design in relation to food availability as re¯ected by seasonal changes in energy intake of men (Hudson, 1995) and the prevalence of disease (mainly malaria).
The ®rst phase of the study carried out at the end of 1993, was a cross-sectional anthropometric survey of children between 3 and 9 y of age. Following this survey, 90 stunted children with a height for age z-score 72.0 were identi®ed. Wasted children with a weight for height zscore`72.0 were excluded. The preselected children were categorised by village, sex, age and degree of stunting. The children in each category were randomly attributed to one of the three groups which were therefore matched for the criteria mentioned. Groups were then randomly allocated to receive either a high fat supplement (Group F), an isocaloric high CHO supplement (Group C) or no supplement at all (Group N). Children entered the study over a period of three months from January to March 1994. Each month the same number of subjects from each group were measured. Groups were thus also matched for season. Children in the groups F and C were supplemented with biscuits containing different proportions of rice,¯our, roasted groundnuts, sugar, vegetable oil and honey based on a recipe used to supplement pregnant women in previous studies (Prentice et al, 1983; Prentice et al, 1987) . The proportion of the different ingredients was modi®ed to obtain 63% (high fat biscuit) or 25% (high CHO biscuit) of energy from fat. Recipes are given in Table 1 . Calculations were done using McCance and Widdownson's food composition tables (Holland et al, 1991) . The biscuits were similar regarding their micronutrient and vitamin constituents with the exception that the high fat biscuit contained notably more vitamin E. Children were supplemented 5 d a week for 1 y. Supplementation was closely supervised by ®eld assistants who recorded the exact amount of supplement eaten each day.
Anthropometric measurements were done in fasting conditions at 0, 3, 6, 9, and 12 Fat versus carbohydrate supplementation JD Kra ÈhenbuÈhl et al according to standard procedure (Cameron, 1978) . Anthropometric indices were calculated with the CDC and WHO Anthropometry Software (Anthro Version 1.01). Before, and after 3, 6 and 12 months of supplementation, total daily food intakes were measured over three consecutive days by observed weighed records of main meals combined with a recall procedure to assess intake of snack foods. The measurements were carried out by trained ®eld assistants. The methodology has previously been used in the Dunn Nutrition Group's study villages and is extensively described elsewhere (Paul, 1988) . The only modi®-cation made to the technique was to separate leftover foods which could easily be weighed apart (for example uneaten ®sh or pumpkin). Mixed leftover foods (for example rice and sauce) were considered to be in the same proportion as those served. Total energy and macronutrient content of the home diet were calculated using a local nutrient database established from analysis of representative food samples collected in Keneba in 1977 and the previous years Hudson et al, 1980) . Values for foods not found in the database were taken from a more complete food composition table (Platt, 1992) . WHO energy recommendations were calculated for each subject on the basis of the child's sex and age, or on the basis of sex, age and body weight (FAOaWHOaUNO, 1985) . Calculated recommendations were compared to the measured intakes.
Before, and after 6 and 12 months of supplementation, post-absorptive resting metabolic rate (RMR) and respiratory quotient (RQ) were measured by indirect calorimetry using a ventilated hood system (Charbonnier et al, 1990) . Measurements lasted 30±45 min and were stopped as soon as 20 min of steady state had been reached. Calorimetry was usually done within 2 d of the dietary intake assessments and on the same day as anthropometry.
At the end of the supplementation period, we measured bioelectrical impedance as a means of assessing body composition. Measurements were done in the supine position with legs held slightly apart. Electrodes were placed at the wrist and the ankle on the right hand side of the body (Schutz & Bracco, 1993) . The calculated resistance index (height 2 aresistance at 50 kHz) was used as an indication of the magnitude of fat free mass (Lukaski et al, 1985) .
Children had access to medical care in a general clinic staffed by a Senior paediatric consultant, a paediatric registrar, physicians and nurses. Clinical problems were assessed and recorded during the entire study period. A morbidity score was calculated for each child using the criteria described in Appendix 1. On the basis of this score, subjects were divided into a sick group (tertile with the highest score), a healthy group (tertile with the lowest score) and an intermediate group. Growth data were analysed comparing these three morbidity groups.
The study was approved by the joint MRCaGambian Government Scienti®c Co-ordinating Committee and Ethical Committee. Informed consent was obtained from each subject's parents or guardian.
One child in group N died probably of meningitis before the measurements at three months of supplementation. A second subject from group F stopped taking the supplement biscuit after four months. Results from these two subjects were excluded from the ®nal analysis.
The data were analysed statistically using Chi-squared tests, multiple t-tests with Bonferoni's correction, analysis of variance, analysis of variance for repeated measures and simple linear regression. The analysis was done with JMP statistical software for Macintosh. Results are given as mean AE sd.
Results

Background data
Clinical data available on most of the study children con®rms that they acquired a de®cit in weight and height during the ®rst two years of life. Mean weight for age zscore shifted from 70.62 AE 0.74 at 3.0 AE 0.8 months of age to 72.56 AE 0.61 at 18.0 AE 2.6 months of age. Height for age z-score dropped equally over the same period from 71.19 AE 0.70 to 72.70 AE 0.66.
Anthropometric survey
During the cross-sectional anthropometric survey of the three study villages carried out in late November and early December 1993, 638 children between the age of 3 and 9 y were measured. This represented approximately 70% of children of that age group listed in the 1993 census. Data showed that 19% of children were stunted with height for age z-scores below the cut off point of 72.0 according to the NCHS reference; 9% were wasted with weight for height z-scores of less than 72.0 according to the same reference. Growth rates of 1.75 kgay and 6.0 cmay were measured. The mean height for age z-score of the 3 y old children was 71.3 AE 1.1. That of the 9 y old children was 71.0 AE 0.8 respectively con®rming the fact that children experienced little catch-up growth during preadolescent childhood. Children from Manduar had better linear growth than those in the other two villages. Indeed there was a signi®cant village effect on mean height for age zscore of children (P`0.01).
Initial matching
The major group characteristics at the onset of supplementation are summarised in Table 2 . Children were preselected at the peak of the malaria season 1 to 4 months prior to the baseline measurements. Following the initial matching of groups, a number of subjects showed accelerated growth and were, strictly speaking, no longer stunted at the start of supplementation. Also, a few children subsequently became wasted. However, with mean height for age zscores and weight for height z-scores of 72.3 AE 0.4 and 71.1 AE 0.6 respectively, the cohort as a whole can be considered as stunted but not wasted. Figure 2 shows average daily energy intake (home and supplement) measured over three consecutive days at the start of the study and on three occasions during the supplementation period. The average daily intake before supplementation was 5639 AE 1147 kJad. The mean individual day to day coef®cient of variation was 19%. At three months of supplementation, there was a signi®cant increase in total energy intake of 1524 AE 1102 kJad in group F (P`0.0001) and 940 AE 1352 kJad in group C (P`0.01) compared to baseline measurements. The increase in total intake was maintained throughout the supplementation period with a continuous group effect on total intake at three months (P`0.0001), 6 months (P`0.0001) and 12 months (P`0.001). Although there was no signi®cant difference in total intake at three months of supplementation between groups F and C, there was a decrease in home intake of 47 AE 1100 kJ in group F which was not signi®cant (P`0.87) whereas home intake decreased signi®cantly by 722 AE 1345 kJ in group C (P`0.05) suggesting that the replacement effect of the high CHO biscuit was greater than that of the high fat biscuit. Analysis of variance for repeated measurements showed an effect of season on total intake in groups F (P`0.01) and N (P`0.01) but not in group C. As shown in Figure 3 , the usual presupplementation diet had an extremely low fat content with 17 AE 5% of energy derived from fat. The mean percentage energy derived from protein was 11 AE 1%. In group F there was a signi®cant increase in energy derived from fat at 3 months of supplementation from 16 AE 6% to 26 AE 4% (P`0.001). This corresponded to a reduction in the percentage of energy derived from CHO from 71 AE 7% to 62 AE 4% (P`0.001). The protein-energy ratio decreased from 11 AE 1% to 10 AE 1% (P`0.01). In group C, the protein-energy ratio also decreased signi®cantly from 11 AE 2% to 9 AE 2% (P`0.001). However, the macronutrient composition of the CHO biscuit being similar to that of the home diet, there were no signi®cant changes in the percentage of energy derived from fat and CHO. In group N, over the same period, there was an increase in percentage of energy from CHO from 69 AE 5% to 72 AE 5 (P`0.05) but no signi®cant changes in the percentage of energy derived from fat and protein were measured. However, analysis of variance for repeated measurements showed a seasonal effect on the fat Figure 2 Total daily energy intake partitioned into home (u) and supplement intake (j). F: high fat supplement group. C: high CHO supplement group. N: non supplemented control group. M0: baseline measurements. M3, M6 and M12: measurements done after 3, 6 and 12 months of supplementation. * P`0.0001 vs group N at M3. y P`0.05 vs same group at M0. yy P`0.01 vs same group at M0. y y y P`0.001 vs same group at M0. Fat versus carbohydrate supplementation JD Kra ÈhenbuÈhl et al content of the diet expressed as the percentage energy derived from fat (P`0.01), the lowest value of 15 AE 6% being measured during the hungry season (July±September 94). There was also an effect of season on the percentage energy derived from CHO (P`0.05). The highest value of 74 AE 7% corresponded to the period of lowest fat content. A seasonal effect on the percentage of energy derived from CHO was measured in groups F (P`0.05) and C (P`0.01). There was a seasonal variation in the fat content of the diet in group F (P`0.01) but not in group C in which seasonal¯uctuations in intake were the smallest. On the other hand, the lowest protein-energy ratios were measured in group C and seasonal variations were signi®-cant (P`0.05). The energy intakes measured at the onset of the study (month 0) were 80 AE 15% of recommended WHO values for chronological age. Taking into account the fact that children had a mean weight de®cit at the start of the study of approximately 25%, recommendations were recalculated for each child on the basis of sex, age and body weight. Intakes measured were 105 AE 20% of weight based recommendations.
Dietary intake
Control of degree of supplementation
The average daily supplement intake was 1551 AE 12 kJ in group F and 1659 AE 15 kJ in group L. This signi®cant difference (P`0.0001) was due to the fact that the high fat biscuit was more friable and small pieces were often lost during packaging and distribution. When handed out, the average high fat biscuit weighed 65 g instead of the 70 g initially weighed. Daily supplement intakes contained an average of 9 g and 7 g of protein in groups F and C respectively.
There were 250 supplement days over the supplementation period of one year. Compliance to supplementation was calculated for each child as the percentage of supplement days when the biscuit was at least partially eaten. There was no difference in mean compliance between the supplemented groups (96% in group F vs 95% in group C). Supplement days were generally missed when a child was sick or absent particularly during the malaria season (October±December 1994).
Anthropometry
The weight gain over the year of supplementation in group F was 1.7 AE 0.4 kg ranging from 0.8±2.4 kg. In group C, it was 1.6 AE 0.5 kg and ranged from 0.8±2.6 kg. In group N, weight gain was similar ranging from 0.7±2.7 kg with a mean of 1.6 AE 0.5 kg. The rates of weight gain are equal tò normal' rates measured during the anthropometric survey of 3±9 y old children. These ®gures represent a non-signi®cant increase in weight for age z-score of approximately 0.1 AE 0.2. As shown in Figure 4 there was an important seasonal effect with a rate of weight gain during the favourable season (M9±M12) of roughly 10 times that of the preceding hungry malaria season (M6±M9). However at no time of the year was there a signi®cant effect of supplementation on weight gain. Weight gain was positively correlated to age (P`0.01, r 0.29).
Three monthly height gains shown in Figure 5 were also similar in the three groups. Over the year, they ranged from 3.2±9.7 cm. Mean annual increments were 6.0 AE 1.7 cm in group F, 6.3 AE 1.4 cm in group C and 6.1 AE 1.5 in group N which are equal to the`normal' growth rates measured during the survey of 3±9 y olds. This corresponded to a signi®cant increase in height for age z-score of roughly 0.2 AE 0.2 for the entire cohort (P`0.01). There was a strong seasonal in¯uence on the rate of linear growth which was increased more than three fold from 0.7 cm in the unfavourable trimester (M6±M9) to 2.2 cm in the favourable trimester (M9±M12) representing an increase in height for age z-score of 0.15 in three months. Figure 6 shows the increase in mid-upper arm circumferences (MUAC) during the study. After 12 months of Figure 3 Macronutrient proportions of the diet expressed relative to energy intake. u CHO. Fat. u Protein. F: high fat supplement group. C: high CHO supplement group. N: non supplemented control group. M0: baseline measurements. M3, M6 and M12: measurements done after 3, 6 and 12 months of supplementation. * P`0.05 vs the same group at M0. ** P`0.01 vs the same group at M0. *** P`0.001 vs the same group at M0. y P`0.05 vs group N. yy P`0.01 vs group N. y y y P`0.001 vs group N. x P`0.05 vs group C. xx P`0.01 vs group C. xxx P`0.001 vs group C. Figure 4 Three monthly weight gain. j Group F: high fat supplement group. u Group C: high CHO supplement group.
Group N: non supplemented control group. M0: baseline measurements. M3, M6, M9 and M12: measurements done after 3, 6, 9 and 12 months of supplementation. There were no signi®cant differences between groups. supplementation, the mean MUAC of groups F, C and N were 15.6 AE 0.9, 15.0 AE 0.8 and 15.1 AE 1.2 respectively. There was a signi®cant group effect (P`0.05) on MUAC at the end of the study but not at the beginning. The mean increase in MUAC over the year was 1.0 AE 9.6 cm in group F, 0.6 AE 0.6 cm in group C and 0.6 AE 0.5 cm in the control group. The differences were signi®cant between groups F and C (P`0.01) and between groups F and N (P`0.05).
At baseline, the mean sum of the biceps, triceps, subscapular and suprailiac skinfolds (S 4SF) were 22.2 AE 5.6 mm, 23.2 AE 5.7 mm and 21.6 AE 4.4 mm in groups F, C and N respectively (not signi®cant). As expected, the S 4SF was clearly negatively correlated to age (P`0.0001, r 7 0.69) decreasing by approximately 2 mm each year. Over the year of supplementation, the S 4SF decreased by 1.1 AE 2.1 mm in group F, 2.8 AE 2.6 mm in group C and 2.7 AE 2.3 mm in the controls. The differences in reduction of the S 4SF were statistically signi®cant between groups F and C (P`0.05) and between groups F and N (P`0.05). Change in the S 4SF was correlated to the change in body weight (P`0.0001, r 0.60).
There were no signi®cant differences between groups for the remaining anthropometrical measurements (head circumference, upper thigh circumference, tibial and foot lengths).
Resting energy expenditure and respiratory quotient
The results are given in Table 3 . At a baseline, mean postabsorptive resting metabolic rate per kg of body weight (RMRakg) was 235 AE 22 kJ. RMRakg was negatively correlated to age (P`0.0001, r 70.51). The measured values were 100 AE 5% of predicted WHO values. There were no signi®cant changes in RMRakg over the study year. There were also no signi®cant differences in RMRakg between groups at 0, 6 and 12 months of supplementation. Baseline respiratory quotient (RQ) was 0.88 AE 0.04. In the non supplemented group, there was a signi®cant increase in RQ from 0.86 AE 0.04 at month 0 to 0.93 AE 0.05 at month 6 (P`0.001) followed by a shift back to 0.89 AE 0.05 at month 12 (P`0.05). There were no signi®cant changes in RQ in the supplemented groups. There was no correlation between post absorptive RQ and the food quotient of the diet (FQ). Weight gain over the year was correlated to change in RQ (P`0.01, r 0.29) but not to change in RMR. Height gain was correlated to changes in RMR (P`0.05, r 0.24), but not to RQ.
Bioelectrical impedance
The mean resistance index at the end of the study was 17.2 AE 4.2 cm 2 aO 16.6 AE 3.2 cm 2 aO and 17.2 AE 3.8 cm 2 aO in groups F, C and N respectively. These differences were not of statistical signi®cance.
Morbidity
Over the entire supplementation period, there were 564 visits to the clinic, with an average of 6 AE 4 visits per subject. There were no signi®cant differences between groups in the number of visits per child. Appendix 2 Figure 5 Height gain during the study. j Group F: high fat supplement group. u Group C: high CHO supplement group.
Group N: non supplemented control group. M0: baseline measurements. M3, M6, M9 and M12: measurements done after 3, 6, 9 and 12 months of supplementation. There were no signi®cant differences between groups. Figure 6 Mid upper-arm circumference. j Group F: high fat supplement group. u Group C: high CHO supplement group.
Group N: non supplemented control group. M0: baseline measurements. M3, M6, M9 and M12: measurements done after 3, 6, 9 and 12 months of supplementation. * P`0.05. In the three groups de®ned on the basis of the morbidity score (Appendix 1), there were no signi®cant differences in the proportion of subjects from groups F, C and N. Figure 7 shows the weight changes in the healthy, sick and intermediate morbidity groups. The sick group of children lost weight during the malaria season whereas the others continued gaining weight at a constant rate. The difference in three monthly weight gain over the malaria season (M6± M9) was signi®cant between the healthy and the sick group (0.3 AE 0.1 kg vs 70.2 AE 0.1 kg, P`0.05).
Following the malaria season, all the groups had accelerated weight gains. There was no signi®cant difference in annual weight or height gain in the healthy group compared to the other groups. The diagnosis of anaemia with a haemoglobin concentration (Hb)`10.0 gadl was made at 7% of clinical visits. At the start of supplementation, the mean Hb of the 82 subjects who had their Hb checked was 11.2 1.4 gadl. About 40% of children had an Hb1 1.0 gadl and approximately 20% had Hb`10.0 gadl. At the clinic, only children with an Hb`10.0 gadl were treated with oral iron andaor folate. Over the study period, 10 children were treated with iron along, seven were treated with folate and three were treated with both. At the end of the study, the mean Hb was 11.0 AE 1.1 gadl. About 50% of children had an Hb`11.0 gadl whereas less than 10% had Hb`10.0 gadl. There was no effect of supplementation on Hb concentration. There was no effect of anaemia on weight or height gain at the end of the study.
There was a negative correlation between Hb concentration and RMRakg at the start of the study (P`0.05, r 70.24). The RMRakg was 243 AE 21 kJakg and 229 AE 22 kJakg in children with an HB`11.0 gadl (n 33) and those with an Hb ! 11.0 gadl (n 49) respectively. This difference was statistically signi®cant (P`0.005).
Discussion
As described in many countries in the developing world, the children of this study became stunted during the ®rst years of life and showed very little tendency to catch-up growth in subsequent years.
The aim of the present study was to assess whether the habitual low fat intake played a role in the poor catch-up growth of stunted Gambian rural children. The results clearly show that neither the fat nor the CHO supplement had a signi®cant in¯uence on growth. The rate of both weight and height gain was the same in the supplemented groups as in the non supplemented controls and very close to the rates measured in the normal population of 3±9 y old children. There was evidence however of a small progressive change in body composition. The increase in MUAC relative to the changes in skinfold thicknesses in group F compared to groups C and N suggests that there was a small increase in fat mass due to the fat supplement although this did not in¯uence body weight.
We expected supplementation to support catch-up growth in these children. As shown in many supplementation studies involving children above three years of age this was not the case. It is however unquestionable that catch-up growth is possible even at this age. One could argue that growth rates were in fact not retarded and that children were growing well explaining the lack of effect. We think that the children were indeed growing as well as possible in their environment but they lacked to show accelerated catch-up growth in response to the closely controlled nutritional intervention. The reasons for this remain unclear.
Obvious causes for the absence of effect of supplementary feeding on growth include poor compliance and food replacement effect. These two factors were monitored precisely. Supplementation was done by a ®eld assistant who recorded the exact amount of supplement eaten by each child. It is of interest to note that it was during the season of highest disease prevalence and poorest growth that the compliance to supplementation was lowest. However, compliance under 80% was exceptional even at the peak of the malaria season. Although results show some degree of replacement at three months, supplementation did effectively increase total daily intake.
Keeping in mind that dietary assessment is dif®cult regardless of the method chosen, energy intakes measured in the supplemented groups were above WHO recommendations for age and body weight even during the unfavourable time of the year. High energy intakes per kg, although surprising, were also reported in Jamaica where stunted children were found to have intakes per kg 30% higher than non-stunted children in the same environment (Walker et al, 1990) . This was partially attributed to the increased morbidity in stunted children. Dietary assessment in the present study was only carried out in children reported as being well, introducing the likelihood of a bias as intakes measured re¯ect food availability but no not take into account the reduction due to loss of appetite associated with illness. Indeed, in a study on the interaction between dietary intake and infection, common symptoms associated with infection were responsible for up to 20% of reduction in intake (Martorell et al, 1980) . Added to the error inherent to all dietary assessment methodology, this bias may well mean that true intakes during the time of high disease prevalence were substantially lower than those measured. There is no reason to believe, however, that the bias was not the same in all three groups and that the increased intakes measured in the supplement groups were not real. In addition, the protein-energy ratios measured in the three groups were generally satisfactory. These results Figure 7 Three monthly weight gain in the different morbidity groups. nÐn sick groups. sÐs healthy group. uÐu intermediate group. M0: baseline measurements. M3, M6, M9 and M12: measurements done after 3, 6, 9 and 12 months of supplementation. * P`0.05 vs the sick group. and the fact that energy and protein supplements administered to young children in Keneba did not improve growth in the past (Prentice, 1993) , make it likely that energy and protein de®ciency cannot explain the lack of catch-up growth.
With 26% of energy derived from fat, the fat content of the diet in the high fat supplement group was within values usually recommended for the general population (WHO, 1990) . It was still lower than values reported in young children from industrialised countries which generally range from 30±40% (Fleischer & Jorgensen, 1995) . In response to this increase in percentage fat energy, children started laying down fat tissue but there was no improvement of their growth even after one year of supplementation. It can thus be concluded that low fat intake does not seem to contribute to impaired catch-up growth in these stunted children.
In the past, a number of supplementation studies have been carried out in these rural Gambian villages. A zinc supplementation trial was ineffective in improving growth (Bates, 1993) . Iron and vitamin supplements have also been given without success (Bates et al, 1987) . The diet of rural Gambians includes little milk and calcium intakes are low (Prentice & Bates, 1994) but the in¯uence of calcium supplementation on growth rate has not yet been tested speci®cally. Obviously, the possibility remains that another single speci®c nutrient de®cit or multiple simultaneous de®-ciencies are masking the potential bene®cial effect of supplementation and may play a role in inhibiting catch-up growth.
Increased energy expenditure is another possible cause explaining the absence of an effect despite the increase of total energy intake due to supplementation. Physical activity was not measured in this study and it is not known whether there were differences in total energy expenditure between groups. There was however no change in resting energy expenditure in response to the supplements. Eccles et al (1989) showed that changes in sleeping metabolic rate of infants during the ®rst year of life could not account for their growth failure. Stettler et al (1992) later assessed the energy cost of an acute episode of malaria in nine year old children and showed an increase in resting energy expenditure averaging 30% during the acute febrile phase of malaria which returned to normal in a few days after onset of treatment. The energy de®cit due to the fever induced hypermetabolism in association with anorexia during the acute phase could be substantial. Since malaria is by far the most prevalent disease, prolonged resistant malaria episodes could in¯uence growth. However, the results of the present study suggest that the energy de®cit due to morbidity was not an important factor explaining the impaired catch-up growth of children between 3±9 y of age.
The RQ in the non supplemented group was in¯uenced by season whereas supplementation seems to have abolished this effect. A plausible explanation could be that both supplements supplied exogenous fat which could be utilised when the energy and fat intakes were low. The non supplemented group had to use more CHO at this time resulting in a rise in RQ. It is also at this time that the difference in fat and energy intake with the supplemented groups was greatest.
The positive correlation between weight gain and the change in RQ indicates that children who tended to utilise fat in the post-absorptive resting condition (low RQ) had the poorest weight gain whereas those who were capable of using more CHO were able to store a greater proportion of the exogeneous dietary fat. There was also a good positive correlation between weight gain and change in the S 4SF which would support this interpretation.
The fact that there was a negative correlation between Hb concentration and RMRakg at the start of the study but not at the end could possibly be explained by a smaller range of interindividual variability in Hb values at the end thus losing the effect of the severely anaemic children. This correlation may re¯ect the in¯uence of increased heart rate in anaemic children and its effect on RMR. Indeed, Viart observed a correlation between cardiac output and red cell volume (Viart, 1978) in malnourished children. In addition, energy expenditure is associated to heart rate and cardiac output (Spady & Payne, 1976) . However, in chronic anaemia, increase in cardiac output is only expected when Hb falls below 7.0 gadl (Cropp, 1969) which was not the case in our subjects at the start of the study. On the other hand, in children with severe anaemia, one could expect low metabolic rates because of reduced delivery of oxygen to the tissues. Further studies are required to assess the mechanisms by which anaemia could contribute to increase energy expenditure in children and possibly affect growth.
The role of infectious episodes in initiating the stunting process in Gambian infants had been well documented. Rowland et al (1977) reported a signi®cant negative correlation between gastro-enteritis and both weight gain and height gain in infants. For malaria, the correlation was only with weight gain. Lunn et al (1991) claimed that up to 43% of long term growth faltering could be attributed to abnormal intestinal permeability and it was suggested that altered gut function could be an important contributing factor to growth faltering. In addition, acute Helicobacter Pylori infection which is extremely prevalent in these Gambian children, was associated with hypochlorhydria and growth faltering. The current hypothesis is that loss of the gastric acid barrier may permit small intestine bacterial overgrowth and recurrent enteric infections, leading to diarrhoea, malabsorption and malnutrition. However, these factors which play an important role in initiating the stunting process in infants may not be responsible for the impaired catch-up growth in already stunted older children. The fact that diarrheal disease accounted for only 1% of visits to the clinic, makes it unlikely that abnormal gut function with resulting malabsorption could continue to hinder catch-up growth.
There was no signi®cant difference in annual weight and height gain between children who were often sick compared to those who were healthy suggesting that there is no obvious prolonged effect of disease on the potential for catch-up growth. Although, anaemia and malaria (McGregor et al, 1956 ) have both been shown to affect growth, the present study does not support this concept. However, prolonged episodes of malaria and severe anaemia were exceptional during the course of the study and the number of children is small to address such questions.
Growth was strongly in¯uenced by seasonal factors. The rate of linear growth varied more than three fold between the favourable and unfavourable times of the year. This is similar to the seasonal¯uctuations in rate of linear growth described in healthy children in industrialised countries where growth is usually 2±3 times faster during spring than in the fall (Marshall, 1971) . Changes in rates of weight gain were of greater amplitude than those normally described in developed countries. Three monthly weight gain during the favourable season was almost 10 times the gain measured during the unfavourable months during which about a third of the children actually lost weight. The season of highest rate of weight gain corresponded to the season of highest rate in linear growth. Contrarily, in the developed countries, growth in weight is faster during the fall and linear growth is faster in spring (Marshall, 1971; Cole, 1993) . Whatever the nature of the seasonal control of growth, it was not in¯uenced by supplementation and it was not possible to override the negative effect of the unfavourable season.
In summary, nutritional supplementation with either a high fat or a high CHO energy supplement for one year had no effect on the growth of stunted but not wasted Gambian rural children aged 3±9 y. The high fat biscuit had a small effect on body composition and increased fatness as measured by an increase in MUAC and skinfold thicknesses compared to the other groups. Neither of the supplements had an effect on growth in weight or height despite a substantial increase in total energy intake. These results suggest that the low fat content of the diet is not an important factor explaining the persistent growth faltering and lack of catch-up growth in Gambian rural children. Diseases did not have a prolonged effect on the potential for catch-up growth although they had an effect on short term three monthly weight gain. There was a strong seasonal in¯uence on the growth of children which was not affected by supplementation.
Conclusions
Gambian rural children aged 3±9 y who had previously acquired a height de®cit grew at a normal rate with or without high fat or high CHO supplementation. This study showed that catch-up growth could not be achieved by increasing their fat or energy intake when they stayed in the environment in which they became stunted despite the apparently small effect of intercurrent diseases. We suggest that an adverse effect of the environment on catch-up growth persists and was not in¯uenced by the nutritional interventions.
